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(54) NEAR‑EYE OPTICAL SYSTEM AND HEAD‑MOUNTED DISPLAY DEVICE

(57) A near-eye optical system and a head-mounted
display device. The near-eye optical system comprises a
lens barrel (9) and a first optical element provided in the
lens barrel (9). The first optical element comprises at
least a first lens (5), apolarization-reflection element (10),
a phase retarder (11) and a light splitting element (12),
one surface of the first lens (5) being circularly provided
with a light shielding element (7). The lens barrel (9)
comprises a first bearing section (91), a second bearing
section (92), and a transition section (93) connected
between the first bearing section (91) and the second
bearing section (92); the first optical element is arranged
at the first bearing section (91); and the transition section

(93) forms a target included angle θ1 with respect to the
optical axis of the near-eye optical system, wherein
θ1<90°. The near-eye optical system satisfies tan(θ1)*
(T1‑L1+L5)≤50, where T1 is the total optical length of the
near-eye optical system, L1 is the distance between a
point A and the center point O of the surface on the side of
the first lens (5) provided with the light shielding element
(7), the point A is an orthographic projection point of a
connection point of the transition section (93) and the
second bearing section (92) on the optical axis of the
near-eye display system, and L5 is the length of the
transition section (93).
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Description

TECHNICAL FIELD

[0001] The embodiments of the application relate to the field of optical display technologies, and specifically to a near-
eye optical system and a head-mounted display device.

BACKGROUND

[0002] In existing VR optical solutions, the angle of field of view of the optical system is generally positively correlated
with the volume of the optical system; that is, the larger the angle of field of view of the optical system, the larger the volume
of the optical system. In the design of VR products, the larger angle of field of view often compromises the compactness of
the optical system, resulting in a larger optical system volume, and thus affecting the volume of the VR products. This is
contrary to the current trend toward miniaturization and lightweight design in virtual reality optical product solutions.

SUMMARY

[0003] An objective of the present application is to provide new technical solutions for a near-eye optical system and a
head-mounted display device, which enable a compact design of the near-eye optical system under a large field of view.
[0004] In a first aspect, a near-eye optical system is provided by the present application. The near-eye optical system
comprises a lens barrel and a first optical element provided within the lens barrel;

the first optical element comprises at least a first lens, a polarization-reflection element, a phase retarder, and a light
splitting element, with a light-shielding element arranged annularly on one surface of the first lens;
the lens barrel comprises a first bearing section, a second bearing section, and a transition section connecting the first
bearing section and the second bearing section; the first optical element is provided within the first bearing section,
and the transition section forms a target angleθ1 with respect to an optical axis of the near-eye optical system, wherein
θ1<90°;
the near-eye optical system satisfies: tan(θ1)*(T1‑L1+L5)≤50, wherein T1 is a total optical length of the near-eye optical
system, L1 is a distance from a surface center point O of the first lens on a side provided with the light-shielding element
to point A, the point A is an orthogonal projection onto the optical axis of the near-eye display system of the connection
point between the transition section and the second bearing section, and L5 is a length of the transition section.

[0005] Optionally, the light-shielding element is a light-shielding ring, and an inner edge of the light-shielding element
has a first sharp-angle structure;
the first sharp-angle structure has an angle of θ2, and abs(θ2)≥5°.
[0006] Optionally, the near-eye optical system comprises a display, which is connected via a bracket to an end of the
second bearing section that is away from the transition section;
the light-shielding element is located in an edge region on a surface of the first lens that is away from the display.
[0007] Optionally, the bracket comprises a body section and an extension section connected to the body section;

wherein the extension section is connected to the second bearing section, the body section forms a set angle θ3 with
the optical axis, and θ3<90°;
the display is provided at an end of the body section that is away from the extension section.

[0008] Optionally, the near-eye optical system further comprises a second optical element, which is provided within the
second bearing section of the lens barrel and located on the same optical axis as the first optical element;
the second optical element comprises at least one lens.
[0009] Optionally, the second optical element comprises at least a third lens;

the extension section of the bracket is arranged annularly in an edge region on a surface of the third lens close to the
display;
a second extension section is formed at a connection point between the transition section and the second bearing
section, and the second extension section is arranged annularly in an edge region on a surface of the third lens that is
away from the display.

[0010] Optionally, the display is configured to emit natural light or circularly polarized light;
in a case where the light emitted by the display is natural light, a composite film is provided on a light-emitting surface of the

3

EP 4 772 929 A1

5

10

15

20

25

30

35

40

45

50

55



display, and the composite film comprises two phase retardation plates and a polarizer provided between the two phase
retardation plates, and is capable of converting natural light into circularly polarized light.
[0011] Optionally, the light splitting element is provided on a surface of the first lens close to the display;
the phase retarder and the polarization-reflection element are stacked on the surface of the first lens that is away from the
display.
[0012] Optionally, the first optical element further comprises a polarization element, the polarization element is stacked
with the polarization-reflection element and the phase retarder to form a laminated element, with the polarization-reflection
element being located between the polarization element and the phase retarder.
[0013] Optionally, the first optical element further comprises a second lens, which is provided on a side of the first lens
opposite to the side where the light-shielding element is provided;
a spacer element is provided between the first lens and the second lens, and abuts between an edge region of the first lens
and an edge region of the second lens.
[0014] Optionally, a first extension section is formed at the position of connection point B between the transition section
and the first bearing section, and the first extension section is arranged annularly in an edge region on a surface of the
second lens close to the display.
[0015] Optionally, the near-eye optical system satisfies: (L2+L4) / L3 ≥ 5, where L2 is thickness of the edge region of the
first lens, L4.is thickness of the edge region of the second lens, and L3 is thickness of the spacer element.
[0016] Optionally, the spacer element has a ring structure, and an inner edge of the spacer element is provided with a
second sharp-angle structure;
the second sharp-angle structure has an angle of θ4, and abs(θ4)≥5°.
[0017] Optionally, when the thickness L3 of the spacer element is≤0.1 mm, the spacer element is an opaque Mylar sheet.
[0018] Optionally, the display is configured to emit natural light or circularly polarized light;
in a case where the light emitted by the display is natural light, a composite film is provided on a surface of the third lens
away from the display, and the composite film comprises two phase retardation plates and a polarizer provided between
the two phase retardation plates, and is capable of converting natural light into circularly polarized light.
[0019] Optionally, the light splitting element is provided on the surface of the second lens close to the display;
the phase retarder and the polarization-reflection element are stacked on the surface of the first lens close to the display.
[0020] Optionally, the first optical element further comprises a polarization element, the polarization element is stacked
with the polarization-reflection element and the phase retarder to form a laminated element, and the polarization-reflection
element is located between the polarization element and the phase retarder.
[0021] In a second aspect, a head-mounted display device is provided by the present application. The head-mounted
display device comprises:

a housing; and
the near-eye optical system according to the first aspect.

[0022] The present application has the following beneficial effects:
[0023] The near-eye optical system provided in the embodiments of the present application adopts an optical
architecture based on a folded optical path. By appropriately constraining the optical parameters and adding the light-
shielding element to shield stray light, a virtual reality solution with a large field of view and small volume is realized under
the new optical architecture, while also ensuring better imaging quality. The near-eye optical system provided in the
embodiment of the present application exhibits superior optical performance.
[0024] Other features and advantages of the present application will become apparent from the following detailed
description of exemplary embodiments of the present application with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are incorporated in the description and constitute a part of the description,
illustrate embodiments of the present application and, together with the description thereof, serve to explain the principles
of the present application.

Figure 1 is a first structural schematic diagram of a near-eye optical system provided in the embodiment of the present
application;

Figure 2 is a spot diagram of the near-eye optical system provided in Figure 1;

Figure 3 is the modulation transfer function (MTF) plot of the near-eye optical system provided in Figure 1;
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Figure 4 is the field curvature and distortion diagram of the near-eye optical system provided in Figure 1;

Figure 5 is the lateral chromatic aberration diagram of the near-eye optical system provided in Figure 1;

Figure 6 is a second structural schematic diagram of the near-eye optical system provided in the embodiment of the
present application;

Figure 7 is a schematic diagram of an embodiment in which an optical element that forms a folded optical path is
introduced into the near-eye optical system;

Figure 8 is a schematic diagram of an embodiment in which a laminated element is introduced into the near-eye optical
system;

Figure 9 is a first schematic diagram of a partial structure of a lens barrel provided in the embodiment of the present
application;

Figure 10 is a schematic diagram of a partial structure of a first optical element provided in the embodiment of the
present application;

Figure 11 is a second schematic diagram of a partial structure of the lens barrel provided in the embodiment of the
present application;

Figure 12 is a spot diagram of the near-eye optical system provided in Figure 6;

Figure 13 is the modulation transfer function (MTF) plot of the near-eye optical system provided in Figure 6;

Figure 14 is the field curvature and distortion diagram of the near-eye optical system provided in Figure 6;

Figure 15 is the lateral chromatic aberration diagram of the near-eye optical system provided in Figure 6;

Figure 16 is a third structural schematic diagram of the near-eye optical system provided in the embodiment of the
present application;

Figure 17 is a spot diagram of the near-eye optical system provided in Figure 16;

Figure 18 is the modulation transfer function (MTF) plot of the near-eye optical system provided in Figure 16;

Figure 19 is the field curvature and distortion diagram of the near-eye optical system provided in Figure 16;

Figure 20 is the lateral chromatic aberration diagram of the near-eye optical system provided in Figure 16;

Figure 21 is a fourth structural schematic diagram of the near-eye optical system provided in the embodiment of the
present application;

Figure 22 is a spot diagram of the near-eye optical system provided in Figure 21;

Figure 23 is the modulation transfer function (MTF) plot of the near-eye optical system provided in Figure 21;

Figure 24 is the field curvature and distortion diagram of the near-eye optical system provided in Figure 21;

Figure 25 is the lateral chromatic aberration diagram of the near-eye optical system provided in Figure 21.

Description of reference signs:

[0026] 1. Display; 2. Bracket; 21. Body section; 22. Extension section; 3. Third lens; 31. Fifth surface; 32. Sixth surface;
4. Second lens; 41. Third surface; 42. Fourth surface; 5. First lens; 51. First surface; 52. Second surface; 6. Human eye; 7.
Light-shielding element; 71. First sharp-angle structure; 8. Spacer element; 9. Lens barrel; 91. First bearing section; 92.
Second bearing section; 93. Transition section; 94. First extension section; 95. Second extension section; 10. Polariza-
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tion-reflection element; 11. Phase retarder; 12. Light splitting element; 13. Polarization element; 14. First anti-reflective
coating; 15. Phase retardation plate; 16. Polarizer; 17. Second anti-reflective coating; 18. Screen protection element.

DETAILED DESCRIPTION

[0027] Various exemplary embodiments of the present application will now be described in detail with reference to the
accompanying drawings. It should be noted that, unless otherwise specifically stated, the relative arrangement, numerical
expressions, and values of the components and steps described in these embodiments do not limit the scope of the
present application.
[0028] Description to at least one exemplary embodiment is for illustrative purpose only, and in no way implies any
restriction on the present disclosure or application or use thereof.
[0029] Techniques and devices known to those skilled in the prior art may not be discussed in detail; however, such
techniques and devices shall be regarded as part of the description where appropriate.
[0030] In all the examples illustrated and discussed herein, any specific value shall be interpreted as illustrative rather
than restrictive. Therefore, other examples of the exemplary embodiments may have different values.
[0031] It is to be noted that similar reference numbers and alphabetical letters represent similar items in the accom-
panying drawings. In the case that a certain item is identified in a drawing, further reference thereof may be omitted in the
subsequent drawings.
[0032] The near-eye optical system and head-mounted display device provided in the embodiments of the present
application will be described in detail below with reference to the accompanying drawings.
[0033] According to an aspect of an embodiment of the present application, a near-eye optical system is provided, which
can be used in a virtual reality display device, such as a VR head-mounted display device. Specifically, the VR head-
mounted display device includes VR smart glasses or VR smart helmets, etc. The embodiment of the present application
does not limit the specific form of the head-mounted display device.
[0034] The near-eye optical system proposed in an embodiment of the present application, as shown in Figures 1 and 6,
includes a lens barrel 9 and a first optical element provided within the lens barrel 9. Wherein, the first optical element
includes at least a first lens 5, a polarization-reflection element 10, a phase retarder 11, and a light splitting element 12. A
light-shielding element 7 is arranged annularly on one surface of the first lens 5. The lens barrel 9 includes a first bearing
section 91, a second bearing section 92, and a transition section 93 connecting the first bearing section 91 and the second
bearing section 92; the first optical element is provided within the first bearing section 91, and the transition section 93
forms a target angleθ1 with respect to the optical axis of the near-eye optical system, wherein θ1<90°. The near-eye optical
system satisfies: tan(θ1)*(T1‑L1+L5)≤50, wherein T1 is a total optical length of the near-eye optical system, L1 is a distance
from a surface center point O of the first lens 5 on a side provided with the light-shielding element 7 to point A, the point A is
an orthogonal projection onto the optical axis of the near-eye display system of the connection point between the transition
section 93 and the second bearing section 92, and L5 is a length of the transition section 93, as shown in Figure 9.
[0035] According to the near-eye optical system provided in the above embodiment, the surface of the first lens 5 on
which the light-shielding element 7 is provided can be a plane or a convex surface, as shown in Figures 1 and 6. This
surface can be close to the human eye 6.
[0036] The near-eye optical system provided according to the above embodiment includes a lens barrel 9, which is used
to bear the main optical components within the near-eye optical system. Referring to Figure 9, the lens barrel 9 is not a
straight tube structure, but instead includes a section having an inclined wall structure. The introduction of the lens barrel 9
facilitates the assembly of the entire near-eye optical system onto products such as VR devices.
[0037] According to the near-eye optical system provided in the above embodiment, a first optical element is provided in
the lens barrel 9. The first optical element is configured to receive imaging light emitted from an external device, such as a
display 1, and to transmit the light to an imaging position, such as the position of the human eye 6 as shown in Figures 1 and
6, to form an image.
[0038] Wherein, the first optical element includes at least one lens, namely the first lens 5 mentioned above, and also
includes a plurality of optical elements that form a folded optical path, such as the polarization-reflection element 10, the
phase retarder 11 and the light splitting element 12 mentioned above, so that light can be reflected in the first optical
element. The design of the folded optical path can reduce the overall optical length of the near-eye optical system while
ensuring imaging quality.
[0039] According to the near-eye optical system provided in the above embodiment, its optical architecture can be seen
in Figures 1 and 6. A light-shielding element 7 is provided on the surface of the first lens 5 close to the human eye 6.
Specifically, the light-shielding element 7 is arranged annularly in the edge region of the surface of the first lens 5 close to
the human eye 6. The light-shielding element 7 can effectively shield the field of view outside the effective optical field of
view and reduce stray light.
[0040] As shown in Figure 9, on the basis that the light-shielding element 7 arranged annularly on one surface of the first
lens 5, the near-eye optical system should satisfy the constraint that tan(θ1)*(T1‑L1+L5)≤50, wherein T1 is a total optical
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length of the near-eye optical system, L1 is a distance from the center of the convex surface of the first lens 5 to point A,
where the point A is an orthogonal projection onto the optical axis of the near-eye display system of the connection point
between the transition section 93 and the second bearing section 92, and L5 is a length of the transition section 93. It should
be noted that T1, L1 and L5 are all expressed in millimeters. Byconstraining the aforementioned parameters of the near-eye
optical system in the present application, the overall volume of the near-eye optical system can be effectively reduced.
[0041] Specifically, compared with traditional folded optical path solutions, the near-eye optical system provided in the
embodiments of the present application has a significantly reduced volume, for example, the volume can be reduced by
more than 1/5 relative to traditional optical solutions.
[0042] The near-eye optical system provided in the embodiments of the present application adopts an optical
architecture based on a folded optical path. By appropriately constraining the optical parameters and adding the light-
shielding element 7 to shield stray light, a virtual reality solution with a large field of view and small volume is realized under
the new optical architecture, while also ensuring better imaging quality. The near-eye optical system provided in the
embodiment of the present application exhibits superior imaging performance. The field of view (FOV) of the near-eye
optical system provided in the embodiment of the present application can reach over 95 degrees.
[0043] The near-eye optical system provided in the above embodiment of the present application has the advantage of
small volume, which enables the slim and lightweight design of virtual reality devices (VR devices) using the near-eye
optical system. This is more suitable for users to wear and use, improve wearing comfort, and allows prolonged use without
causing fatigue.
[0044] The near-eye optical system provided in embodiments of the present application adopts a folded optical path
optical architecture. For example, in addition to introducing a lens, a light splitting element 12, a phase retarder 11, and a
polarization-reflection element 10 are also introduced into the first optical element. These can be used to form a folded
optical path in the first optical element, so that the light is reflected back in it, thereby extending the propagation path of the
light and facilitating the final clear imaging.
[0045] Wherein, the light splitting element 12 is, for example, a transflective film.
[0046] It should be noted that the reflectivity and transmittance of the light splitting element 12 can be flexibly adjusted
according to specific needs, and no limitation is imposed thereon in the embodiments of the present application.
[0047] Wherein, the phase retarder 11 is, for example, a quarter-wave plate.
[0048] Of course, the phase retarder 11 mentioned here can also be configured as other phase retardation plates such
as half-wave plates as needed.
[0049] The phase retarder 11 can be used to convert linearly polarized light into circularly polarized light, or to convert
circularly polarized light into linearly polarized light.
[0050] Wherein, the polarization-reflection element 10 is, for example, a linear polarizer, which is a polarizing reflector
for reflecting horizontal linearly polarized light and transmitting vertical linearly polarized light, or a polarizing reflector for
reflecting linearly polarized light at any other specific angle and transmitting linearly polarized light in a direction
perpendicular to the angle.
[0051] The near-eye optical system provided in the embodiment of the present application is beneficial for realizing a
virtual reality optical solution with a large field of view and a small volume.
[0052] In some examples of the present application, referring to Figures 9 to 11, the light-shielding element 7 is a light-
shielding ring, and the inner edge of the light-shielding element 7 has a first sharp-angle structure 71. The angle of the first
shar-angle structure 71 is θ2, and abs(θ2)≥5°.
[0053] According to the above example, a light-shielding element 7 is arranged annularly on the surface of the first lens 5
close to the human eye 6. The light-shielding element 7 is of a ring structure, and a sharp-angle structure, namely the first
sharp-angle structure 71, can be provided on its inner ring. The design of the first sharp-angle structure 71 can make the
position of shielding light more accurate, thereby better shielding field of view light outside the effective optical field of view
and further reducing stray light.
[0054] When the angle θ2 of the first sharp-angle structure 71 satisfies: abs(θ2)≥5°, the effect of reducing stray light is
better.
[0055] In other words, the absolute value of the angle θ2 of the first sharp-angle structure 71 should be designed to be no
less than 5°. It should be noted that the direction of the sharp-angle structure on the light-shielding element 7 can be
adjusted.
[0056] In some examples of the present application, referring to Figures 1 and 6, the near-eye optical system includes a
display 1, which is connected via the bracket 2 to the end of the second bearing section 92 away from the transition section
93. Wherein, the light-shielding element 7 is located in the edge region on the surface of the first lens 5 away from the
display 1.
[0057] Wherein, the display 1 is capable of emitting light for imaging.
[0058] Wherein, a screen protection element 18 may be provided on the light-emitting surface of the display 1, as shown
in Figure 6. The screen protection element 18 can effectively protect the display 1.
[0059] Wherein, the lens barrel 9 adopts a three-section design, including a first bearing section 91, a transition section
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93 and a second bearing section 92 connected in sequence. The first optical element is provided within the first bearing
section 91 and the display 1 is provided within the second bearing section 92. In this architecture, the first optical element
and the display 1 are provided at opposite ends of the lens barrel 9. Since the size of the first optical element is larger than
the size of the display 1, the transition section 93 on the lens barrel 9 forms an inclined state between the first optical
element and the display 1. In the optical solution of the embodiment of the present application, by constraining the tilt angle
θ1 of the transition section 93 relative to the optical axis, the total optical length T1 of the near-eye optical system, the
distance L1 from the vertex of the first lens 5 to the connection position A between the transition section 93 and the second
bearing section 92, and the length L5 of the transition section 93 to satisfy the relationship tan(θ1)*(T1‑L1+L5)≤50 mm. The
overall volume of the near-eye optical system can be effectively reduced even under a large field of view, for example, by
more than 1/5 compared with conventional solutions.
[0060] It should be noted that in the constraint condition tan(θ1) × (T1‑L1+L5) ≤ 50 mm provided by the embodiments of
the present application, T1 representing the total length of the near-eye optical system, may or may not include the length of
the display 1.
[0061] Wherein, the lens barrel 9 may be composed of the first bearing section 91, the transition section 93 and the
second bearing section 92 connected in sequence, and the lens barrel 9 is an integrally formed structure.
[0062] In some examples of the present application, referring to Figures 1 and 6, the bracket 2 includes a body section 21
and an extension section 22 connected to the body section 21; wherein, the extension section 22 is connected to the
second bearing section 92, and the body section 21 forms a set angle θ3 with the optical axis, and θ3<90°. Wherein, the
display 1 is located at the end of the body section 21 away from the extension section 22.
[0063] According to the above example, the bracket 2 is a connector that connects the display 1 with the lens barrel 9. It is
not a straight cylindrical structure, but includes two sections, specifically, a body section 21 and an extension section 22.
The extension section 22 is connected to one end of the second bearing section 92 of the lens barrel 9. The extension
section 22 can be a straight wall structure to provide some shielding or positioning for the edge region of the lens located
therein. Referring to Figures 9 to 11, the body section 21 has a certain tilt angle relative to the optical axis, and its tilt angle
can be consistent with the transition section 93 of the lens barrel 9. This design can reduce the volume of the near-eye
optical system.
[0064] Wherein, the body section 21 and the extension section 22 are connected as a whole to form the bracket 2.
[0065] In some examples of the present application, referring to Figure 1, the near-eye optical system further includes a
second optical element, which is provided within the second bearing section 92 of the lens barrel 9 and located on the same
optical axis as the first optical element; the second optical element includes at least one lens.
[0066] According to the near-eye optical system provided in the embodiments of the present application, an optical
element can be added on the side close to the display 1, that is, the second optical element in the above example can be
provided between the first optical element and the display 1, which can improve the optical performance of the near-eye
optical system.
[0067] In some examples of the present application, referring to Figure 1, the second optical element includes at least a
third lens 3; the extension section 22 of the bracket 2 is arranged annularly in the edge region on the surface of the third lens
3 close to the display 1; a second extension section 95 is formed at the connection point between the transition section 93
and the second bearing section 92, and the second extension section 95 is arranged annularly in the edge region on the
surface of the third lens 3 away from the display 1.
[0068] According to the above example, after the third lens 3 is provided on the side close to the display 1, the extension
section 22 of the bracket 2 can be used to form a certain shielding on the edge region of the surface of the third lens 3 close
to the display 1, and the second extension section 95 at the connection position A between the transition section 93 and the
second bearing section 92 can form a certain shielding on the edge region of the surface of the third lens 3 away from the
display 1. This design may shield field of view light outside the effective optical field of view of the third lens 3, which is
beneficial for reducing stray light.
[0069] Meanwhile, the extension section 22 and the second extension section 95 can also position and support the third
lens 3, facilitating the assembly of the third lens 3 in the lens barrel 9.
[0070] In some examples of the present application, the display 1 is configured to emit natural light or circularly polarized
light. In a case where the light emitted by the display1 is natural light, a composite film is provided on a light-emitting surface
of the display 1, and the composite film comprises two phase retardation plates 15 and a polarizer 16 provided between the
two phase retardation plates 15, and is capable of converting natural light into circularly polarized light.
[0071] When only the first lens 5 and the third lens 3 mentioned above are used in the near-eye optical system, the
composite film can be arranged on the display 1.
[0072] The composite film is used to convert natural light into circularly polarized light. Stray light can be reduced by
designing two layers of the phase retardation plates in the composite film. Wherein, the phase retardation plate is, for
example, a quarter-wave plate.
[0073] Optionally, a second anti-reflective coating 17 may also be introduced into the composite film.
[0074] In some examples of the present application, the light splitting element 12 is provided on the surface of the first
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lens 5 close to the display 1; the phase retarder 11 and the polarization-reflection element 10 are stacked on the surface of
the first lens 5 away from the display 1.
[0075] In some examples of the present application, the first optical element further comprises a polarization element 13,
the polarization element 13 is stacked with the polarization-reflection element 10 and the phase retarder 11 to form a
laminated element, with the polarization-reflection element 10 being located between the polarization element 13 and the
phase retarder 11.
[0076] Wherein, the polarization element 13 is, for example, a linear polarizer (or a polarization plate).
[0077] The polarization element 13 has a transmission direction consistent with the transmission direction of the
polarization-reflection element 10, and the use of the polarization element 13 can reduce ghost images and stray light.
[0078] Optionally, a first anti-reflective coating 14 may be provided on the surface of the phase retarder 11 away from the
polarization-reflection element 10.
[0079] In some examples of the present application, referring to Figure 6, the first optical element further comprises a
second lens 4, which is provided on a side of the first lens 5 opposite to the side where the light-shielding element 7 is
provided. A spacer element 8 is provided between the first lens 5 and the second lens 4, and abuts between an edge region
of the first lens 5 and an edge region of the second lens 4.
[0080] For the near-eye optical system provided in the embodiments of the present application, the number of optical
lenses can be increased in the first optical element. For example, referring to Figure 6, a second lens 4 is introduced into the
first optical element. In other words, the first optical element may include a first lens 5 and a second lens 4. Wherein, the
second lens 4 is closer to the display 1 than the first lens 5 is. The introduction of the second lens 4 helps to reduce the total
optical length of the near-eye optical system while improving imaging quality.
[0081] When the first lens 5 and the second lens 4 described above are used in the first optical element, the spacer
element 8 needs to be introduced between them. Specifically, the spacer element 8 can abut between the edge regions of
the two optical lenses, which can effectively shield field of view light outside the effective optical field of view. When the
spacer element is used in conjunction with the light-shielding element 7, stray light can be better reduced.
[0082] In some examples of the present application, referring to Figure 6, a first extension section 94 is formed at the
connection position B between the transition section 93 and the first bearing section 91, and the first extension section 94 is
arranged annularly in the edge region on the surface of the second lens 4 close to the display 1.
[0083] According to the above example, the first extension section 94 extending from the connection position B between
the transition section 93 and the first bearing section 91 can form a certain shielding on the edge region of the surface of the
second lens 4 close to the display 1, thereby cooperating with the spacer element 8 to provide shielding.
[0084] Meanwhile, the first extension section 94 can provide positioning for the assembly of the second lens 4 within the
lens barrel 9, facilitating the installation of the second lens 4.
[0085] In some examples of the present application, referring to Figure 11, the near-eye optical system satisfies: (L2+L4)
/ L3 ≥ 5, where L2 is the thickness of the edge region of the first lens 5, L4 is the thickness of the edge region of the second
lens 4, and L3 is the thickness of the spacer element 8.
[0086] According to the above example, when the near-eye optical system satisfies (L2+L4) / L3 ≥5, the assemblability of
the second lens 4 and the spacer element 8 can be ensured.
[0087] In some examples of the present application, the spacer element 8 has a ring structure, and the inner edge of the
spacer element 8 is provided with a second sharp-angle structure; the angle of the second sharp-angle structure is θ4, and
abs(θ4)≥5°.
[0088] The spacer element 8 is a spacer ring provided between two optical lenses. A second sharp-angle structure can
be provided on its inner ring to make the position of shielding light more accurate. Wherein, when the angleθ4 of the second
sharp-angle structure satisfies: abs(θ2)≥5°, the effect of reducing stray light is better.
[0089] In some examples of the present application, when the thickness L3 of the spacer element 8 is ≤0.1mm, the
spacer element 8 is an opaque Mylar sheet.
[0090] In the near-eye optical system provided in embodiments of the present application, when the spacer element 8 is
introduced between the first lens 5 and the second lens 4, the spacer element 8 is limited in thickness during assembly and
manufacturing, and should be as thin as possible. The Mylar sheet can be madesufficiently thin,which meets the assembly
requirements and optical performance requirements.
[0091] Wherein, a black ring Mylar sheet can be used.
[0092] In other words, when L3 is ≤0.1mm, the black Mylar sheet can be used to replace the spacer ring. The black Mylar
sheet is has a thin sheet structure and is lighter and thinner.
[0093] In some examples of the present application, the display 1 is configured to emit natural light or circularly polarized
light; in a case where the light emitted by the display 1 is natural light, a composite film is provided on a surface of the third
lens 3 away from the display 1, and the composite film comprises two phase retardation plates 15 and a polarizer 16
provided between the two phase retardation plates 15, and as shown in Figure 8, is capable of converting natural light into
circularly polarized light.
[0094] Based on the above example, the composite film is configured to convert natural light into circularly polarized
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light. Stray light can be reduced by designing two layers of the phase retardation plates 15 in the composite film material.
Wherein, the phase retardation plate is, for example, a quarter-wave plate.
[0095] When three lenses are used in the near-eye optical system, as shown in the optical architecture of Figure 6, the
composite film can be arranged on the surface of the third lens 3 away from the display 1.
[0096] If two lenses are used in the near-eye optical system, as shown in the optical architecture of Figure 1, the
composite film can be arranged on the light-emitting surface of the display 1, so that the display 1 can directly emit circularly
polarized light.
[0097] Optionally, referring to Figure 8, a second anti-reflective coating 17 may also be introduced into the composite
film.
[0098] In some examples of the present application, the light splitting element 12 is provided on the surface of the second
lens 4 close to the display 1; referring to Figure 7, the phase retarder 11 and the polarization-reflection element 10 are
stacked on the surface of the first lens 5 close to the display 1.
[0099] Wherein, the light splitting element 12 is, for example, a quarter-wave plate, which can be directly attached or
coated on the surface (the third surface 41 shown in FIG. 6) of the second lens 4 close to the display 1. The phase retarder
11 and the polarization-reflection element 10 are stacked together, and are provided on the surface (the first surface 51
shown in Figure 6) of the first lens 5 close to the display 1. There is no need to introduce a separate plate support in the
optical architecture to support the optical elements described above.
[0100] Placing the polarization-reflection element 10 and the phase retarder 11 on the same side of the first lens 5 helps
to reduce the difficulty of the assembly process.
[0101] Wherein, the polarization-reflection element 10 has a reflection direction that forms an angle of 45° with the fast
axis or slow axis of the phase retarder 11.
[0102] In some examples of the present application, referring to Figure 7, the first optical element further comprises a
polarization element 13, the polarization element 13 is stacked with the polarization-reflection element 10 and the phase
retarder 11 to form a laminated element, and the polarization-reflection element 10 is located between the polarization
element 13 and the phase retarder 11.
[0103] Wherein, the polarization element 13 is, for example, a linear polarizer (or a polarization plate).
[0104] The polarization element 13 is has a transmission direction consistent with that of the polarization-reflection
element 10, and the use of the polarization element 13 can reduce ghost images and stray light.
[0105] Optionally, referring to Figure 7, a first anti-reflective coating 14 may be provided on the surface of the phase
retarder 11 away from the polarization-reflection element 10.
[0106] It should be noted that the near-eye optical system provided in the embodiment of the present application does
not impose a specific limit on the number of optical lenses used, but at least one optical lens, namely the first lens 5, is used.
In practical applications, the number of lenses can be designed according to specific needs. Increasing the number of
lenses can improve imaging performance and appropriately reduce the overall optical length of the system, but it may
increase the weight and production cost of the entire near-eye optical system.
[0107] As a preferred embodiment of the present application, the near-eye optical system may use three lenses. At this
time, the optical performance of the near-eye optical system is better.
[0108] Referring to Figures 6 to 8, the light propagation process of the near-eye optical system is as follows:
[0109] Natural light emitted by the display 1 remains natural light after passing through one phase retarder 15 on the
surface of the third lens 3. It becomes linearly polarized light after passing through a polarizer 16, and then becomes
circularly polarized light after passing through another phase retarder 15. The circularly polarized light is transmitted
through the second lens 4, and becomes linearly polarized light (S-light) after passing through a phase retarder 11 on the
surface of the first lens 5 which is reflected by the polarization-reflection element 10, and then becomes circularly polarized
light after passing through the phase retarder 11 again. The circularly polarized light is reflected by the light splitting
element 12 on the surface of the second lens 4, and becomes linearly polarized light (P-light) after passing through the
phase retarder 11 on the surface of the first lens 5. Finally, the linearly polarized light is transmitted through the first lens 5
and enters the human eye 6 to form an image.
[0110] According to the near-eye optical system provided in the embodiments of the present application, as shown in
Figure 6, it may include three lenses, such as a first lens 5, a second lens 4, and a third lens 3 arranged along the same
optical axis.
[0111] Optionally, the refractive index n of the material used in each optical lens of the near-eye optical system is in the
range of 1.4<n<1.7, and the Abbe number v is in the range of 20<v<75.
[0112] For example, the refractive index n1 of the first lens 5 is 1.54, and the Abbe number v1 is 55.7. The refractive index
n2 of the second lens 4 is 1.54, and the Abbe number v2 is 56.3. The refractive index n3 of the third lens 3 is 1.54, and the
Abbe number v3 is 56.3.
[0113] Wherein, the center thickness T1 of the first lens 5 is for example: 1mm≤T1≤8mm. The focal power φ1 of the first
lens 5 is 0<φ1<0.1.
[0114] The first lens 5 includes two optical surfaces, namely a first surface 51 close to the display 1 and a second surface
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52 away from the display 1.
[0115] Both the first surface 51 and the second surface 52 are aspherical surfaces or planar surfaces.
[0116] A film structure can be formed on the first surface 51, as shown in Figure 7, including a first anti-reflective coating
14, a polarization element 13 (transmitting P light), a polarization-reflection element 10 (transmitting P light and reflecting S
light), and a phase retarder 11. The polarization element 13 can reduce stray light.
[0117] In addition, an anti-reflective coating can be optionally provided on the second surface 52.
[0118] Wherein, the center thickness T2 of the second lens 4 is: 1mm≤T2≤8mm. The focal power φ2 of the second lens 4
is 0 <φ2< 0.1.
[0119] The second lens 4 includes two optical surfaces, namely a third surface 41 close to the display 1 and a fourth
surface 42 away from the display 1.
[0120] The third surface 41 and the fourth surface 42 are aspherical surfaces.
[0121] Wherein, a light splitting element 12, i.e., a transflective film, can be provided on the third surface 41.
[0122] The fourth surface 42 can be a planar surface or an aspherical surface, and an anti-reflective coating can be
selectively provided on the fourth surface 42.
[0123] Wherein, the center thickness T3 of the third lens 3 is: 1mm≤T3≤8mm. The focal power φ3 of the third lens 3 is
0≤φ3<0.01.
[0124] The third lens 3 includes two optical surfaces, namely a fifth surface 31 close to the display 1 and a sixth surface
32 away from the display 1.
[0125] The fifth surface 31 and the sixth surface 32 can be aspherical surfaces or planar surfaces.
[0126] Wherein, the composite film shown in Figure 8 can be provided on the fifth surface 31, including a second anti-
reflective coating 17, two phase retardation plates 15 (quarter-wave plates) and a polarizer 16 located between the two
phase retardation plates 15. An anti-reflective coating may also be optionally provided on the sixth surface 32.
[0127] The near-eye optical system provided in the embodiment of the present application will be described below
through four embodiments.

First Embodiment

[0128] Referring to Figure 1, the near-eye optical system includes a lens barrel 9, and a first optical element, a second
optical element, and a display 1 provided within the lens barrel 9 and located on the same optical axis;

the display 1 is capable of emitting natural light, and a composite film is provided on the light-emitting surface of the
display 1, and comprises two phase retardation plates 15 and a polarizer 16 provided between the two phase
retardation plates 15.
the first optical element includes a first lens 5, a light splitting element 12 is provided on the surface of the first lens 5
close to the display 1, a polarization element 13, a polarization-reflection element 10, and a phase retarder 11 are
stacked on the surface of the first lens 5 away from the display 1, and the phase retarder 11 is located between the light
splitting element 12 and the polarization-reflection element 10; a light-shielding element 7 is arranged annularly in the
edge region of surface of the first lens 5 away from the display 1;
the second optical element includes a third lens 3;
referring to Figures 9 to 11, the lens barrel 9 includes a first bearing section 91, a second bearing section 92, and a
transition section 93 connecting the first bearing section 91 and the second bearing section 92; the first optical element
is provided within the first bearing section 91, and the transition section 93 forms a target angle θ1 with respect to the
optical axis of the near-eye optical system, wherein θ1<90°; the second optical element is provided within the second
bearing section 92; the display 1 is connected via the bracket 2 to the end of the second bearing section 92 away from
the transition section 93;
the bracket 2 includes a body section 21 and an extension section 22 connected to the body section 21; wherein, the
extension section 22 is connected to the second bearing section 92, and the body section 21 forms a set angle θ3 with
the optical axis, and θ3<90°; the extension section 22 of the bracket 2 is arranged annularly in the edge region of the
surface of the third lens 3 close to the display 1; a second extension section 95 is formed at the connection position A
between the transition section 93 and the second bearing section 92 of the lens barrel 9, and the second extension
section 95 is arranged annularly in the edge region of the surface of the third lens 3 away from the display 1.

[0129] Table 1 shows the optical parameters of the near-eye optical system, as detailed below.
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Table 1

surface Radius
(mm)

Thickness
(mm) Material Conic A2 A4 A6 A8 A10 A12

32 INF 4.48020 CALL 0.0000 0.0000 0.000E
00

0.000
E 00 0.00E 00 0.00E 00 0.00E

00

31 ‑57.0083 3.0741 Air 3.3913 0.0000 1.902E
‑06

1.836
E‑08

‑4.71E
‑11 5.55E‑14 2.89E

‑16

52 69.3275 6.7000 CALL 0.0000 0.0000 ‑7.010
E‑05

2.531
E‑07 6.30E‑10 ‑2.79E

‑12
2.53E
‑18

51 ‑300.7 058 2.5000 Air 0.0000 0.0000 ‑2.713
E‑04

2.418
E‑06

‑8.95E
‑09 1.18E‑11 4.66E

‑18

[0130] The optical performance of the near-eye optical system provided in the above first embodiment is shown in
Figures 2 to 5: Figure 2 is a spot schematic diagram of the near-eye optical system; Figure 3 is the MTF plot of the near-eye
optical system; Figure 4 is the field curvature and distortion diagram of the near-eye optical system; and Figure 5 is the
lateral chromatic aberration diagram of the near-eye optical system.
[0131] The spot diagram refers to a dispersed pattern scattered in a certain range when multiple light rays emitted from
one point, after passing through the near-eye optical system, is no longer converge to a single point on the image plane due
to aberrations. It can be used to evaluate the imaging quality of the near-eye optical system. As shown in Figure 2, the
maximum value of the image point in the spot diagram is less than 17 µm.
[0132] The MTF plot is a modulation transfer function plot, which characterizes the imaging sharpness of near-eye
optical systems based on the contrast of black and white line pairs. As shown in Figure 3, the central MTF is >0.3 at 40
lp/mm, indicating clear imaging performance.
[0133] Referring to Figure 4, the maximum distortion occurs in field of view of 1, with an absolute value of less than 40%.
[0134] The lateral chromatic aberration, also known as the magnification chromatic aberration, refers to the difference
between the focal positions of blue light and red light on the image plane when a polychromatic principal ray on the object
side is transformed into multiple rays on the image side due to the dispersion of the refractive system. As shown in Figure 5,
the maximum chromatic aberration of the near-eye optical system is less than 200 µm.

Second Embodiment

[0135] The difference between the second embodiment and the first embodiment described above lies in that a second
lens 4 is introduced into the first optical element, and the attaching positions of various optical films are different.
[0136] Referring to Figures 6 to 8, the near-eye optical system includes a lens barrel 9, and a first optical element, a
second optical element, and a display 1 provided within the lens barrel 9 and located on the same optical axis, and the
display 1 is configured to emit natural light;

The first optical element includes a first lens 5 and a second lens 4, a light splitting element 12 is provided on the
surface of the second lens 4 close to the display 1, a polarization element 13, a polarization-reflection element 10, and
a phase retarder 11 are stacked on the surface of the first lens 5 close to the display 1, and the phase retarder 11 is
located between the light splitting element 12 and the polarization-reflection element 10; a light-shielding element 7 is
arranged annularly in the edge region of surface of the first lens 5 away from the display 1, a spacer element 8 is
provided between the first lens 5and the second lens4, and the spacer element 8 abuts between the edge region of the
first lens 5 and the edge region of the second lens 4;
the second optical element includes a third lens 3, and a composite film is provided on the surface of the third lens 3
away from the display 1, and includes two phase retardation plates 15 and a polarizer 16 provided between the two
phase retardation plates 15;
referring to Figures 9 to 11, the lens barrel 9 comprises a first bearing section 91, a second bearing section 92, and a
transition section 93 connecting the first bearing section 91 and the second bearing section 92;
the first optical element is provided within the first bearing section 91, and the transition section 93 forms a target angle
θ1 with respect to an optical axis of the near-eye optical system, wherein θ1<90°;
the second optical element is provided within the second bearing section 92;
the display 1 is connected via a bracket 2 to the end of the second bearing section 92 away from the transition section
93; the bracket 2 includes a body section 21 and an extension section 22 connected to the body section 21; wherein,
the extension section 22 is connected to the second bearing section 92, and the body section 21 forms a set angle θ3
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with the optical axis, and θ3<90°;
the near-eye optical system satisfies: (L2+L4) / L3 ≥ 5, L2 is the thickness of the edge region of the first lens, L4 is the
thickness of the edge region of the second lens, and L3 is the thickness of the spacer element;
the extension section 22 of the bracket 2 is arranged annularly in the edge region of the surface of the third lens 3 close
to the display 1; the second extension section 95 is formed at the connection position A between the transition section
93 and the second bearing section 92 of the lens barrel 9, and the second extension section 95 is arranged annularly in
the edge region of the surface of the third lens 3 away from the display 1; the first extension section 94 is formed at the
connection position B between the transition section 93 and the first bearing section 91, and the first extension section
94 is arranged annularly in the edge region of the surface of the second lens 4 close to the display 1.

[0137] Table 2 shows the optical parameters of the near-eye optical system, as detailed below.
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[0138] The optical performance of the near-eye optical system provided in the above second embodiment is shown in
Figures 12 to 15: Figure 12 is a spot schematic diagram of the near-eye optical system; Figure 13 is the MTF plot of the
near-eye optical system; Figure 14 is the field curvature and distortion diagram of the near-eye optical system; and Figure
15 is the lateral chromatic aberration diagram of the near-eye optical system.
[0139] The spot diagram refers to a dispersed pattern scattered in a certain range when multiple light rays emitted from
one point, after passing through the near-eye optical system, is no longer converge to a single point on the image plane due
to aberrations. It can be used to evaluate the imaging quality of the near-eye optical system. As shown in Figure 12, the
maximum value of the image point in the spot diagram is less than 9 µm.
[0140] The MTF plot is a modulation transfer function plot, which characterizes the imaging sharpness of near-eye
optical systems based on the contrast of black and white line pairs. As shown in Figure 13, the central MTF is >0.5 at 40
lp/mm, indicating clear imaging performance.
[0141] Referring to Figure 14, the maximum distortion occurs in field of view of 1, with an absolute value of less than 40%.
[0142] The lateral chromatic aberration, also known as the magnification chromatic aberration, refers to the difference
between the focal positions of blue light and red light on the image plane when a polychromatic principal ray on the object
side is transformed into multiple rays on the image side due to the dispersion of the refractive system. As shown in Figure
15, the maximum chromatic aberration of the near-eye optical system is less than 200 µm.

Third Embodiment

[0143] Referring to Figure 16, the near-eye optical system provided in the present third embodiment is shown, which
differs from the near-eye optical system shown in the second embodiment in the parameters of the optical elements.
[0144] Table 3 shows the optical parameters of the near-eye optical system, as detailed below.

15

EP 4 772 929 A1

5

10

15

20

25

30

35

40

45

50

55



Ta
bl

e
3

su
rfa

ce
R

ad
iu

s
(m

m
)

Th
ic

kn
es

s
(m

m
)

M
at

er
ia

l
C

on
ic

A2
A4

A6
A8

A1
0

A1
2

52
78

.4
33

8
3.

28
58

K2
6

R
‑3

.2
98

0
0.

0
00

0
‑1

.3
6

5E
‑0

5
6.

71
0

E‑
08

‑1
.5

7
6E
‑1

0
3.

24
6

E‑
14

4.
35

8
E‑

16

51
In

fin
ity

0.
32

00
Ai

r
0.

00
00

0.
0

00
0

0.
00

0
E

00
0.

00
0

E
00

0.
00

0
E

00
0.

00
0

E
00

0.
00

0
E

00

42
87

.8
17

9
6.

60
00

C
AL

L
‑4

.7
63

9
0.

0
00

0
‑1

.1
0

0E
‑0

5
‑4

.4
6

8E
‑0

9
‑3

.4
5

6E
‑1

2
2.

65
7

E‑
14

3.
44

9
E‑

18

41
‑8

5.
79

1
3

2.
30

00
Ai

r
‑0

.0
30

5
‑0

.0
12

6
‑3

.9
4

7E
‑0

6
‑1

.6
4

1E
‑0

9
8.

45
8

E‑
12

‑2
.8

9
1E
‑1

4
3.

62
8

E‑
17

32
In

fin
ity

7.
20

00
C

AL
L

0.
00

00
0.

0
00

0
0.

00
0

E
00

0.
00

0
E

00
0.

00
0

E
00

0.
00

0
E

00
0.

00
0

E
00

31
24

.4
27

3
1.

20
00

Ai
r

0.
00

00
0.

0
00

0
‑8

.3
6

8E
‑0

5
8.

40
6

E‑
08

1.
76

9
E‑

10
4.

22
8

E‑
13

‑1
.9

0
2E
‑1

5

16

EP 4 772 929 A1

5

10

15

20

25

30

35

40

45

50

55



[0145] The optical performance of the near-eye optical system provided in the above third embodiment is shown in
Figures 17 to 20: Figure 17 is a spot schematic diagram of the near-eye optical system; Figure 18 is the MTF plot of the
near-eye optical system; Figure 19 is the field curvature and distortion diagram of the near-eye optical system; and Figure
20 is the lateral chromatic aberration diagram of the near-eye optical system.
[0146] The spot diagram refers to a dispersed pattern scattered in a certain range when multiple light rays emitted from
one point, after passing through the near-eye optical system, is no longer converge to a single point on the image plane due
to aberrations. It can be used to evaluate the imaging quality of the near-eye optical system. As shown in Figure 17, the
maximum value of the image point in the spot diagram is less than 21 µm.
[0147] The MTF plot is a modulation transfer function plot, which characterizes the imaging sharpness of near-eye
optical systems based on the contrast of black and white line pairs. As shown in Figure 18, the central MTF is >0.4 at 40
lp/mm, indicating clear imaging performance.
[0148] Referring to Figure 19, the maximum distortion occurs in field of view of 1, with an absolute value of less than 40%.
[0149] The lateral chromatic aberration, also known as the magnification chromatic aberration, refers to the difference
between the focal positions of blue light and red light on the image plane when a polychromatic principal ray on the object
side is transformed into multiple rays on the image side due to the dispersion of the refractive system. As shown in Figure
20, the maximum chromatic aberration of the near-eye optical system is less than 200 µm.

Fourth Embodiment

[0150] Referring to Figure 21, the near-eye optical system provided in the present fourth embodiment is shown, which
differs from the near-eye optical system shown in the second embodiment in the parameters of the optical elements.
[0151] Table 4 shows the optical parameters of the near-eye optical system, as detailed below.
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[0152] The optical performance of the near-eye optical system provided in the present fourth embodiment is shown in
Figures 22 to 25: Figure 22 is a spot schematic diagram of the near-eye optical system; Figure 23 is the MTF plot of the
near-eye optical system; Figure 24 is the field curvature and distortion diagram of the near-eye optical system; and Figure
25 is the lateral chromatic aberration diagram of the near-eye optical system.
[0153] The spot diagram refers to a dispersed pattern scattered in a certain range when multiple light rays emitted from
one point, after passing through the near-eye optical system, is no longer converge to a single point on the image plane due
to aberrations. It can be used to evaluate the imaging quality of the near-eye optical system. As shown in Figure 22, the
maximum value of the image point in the spot diagram is less than 15 µm.
[0154] The MTF plot is a modulation transfer function plot, which characterizes the imaging sharpness of near-eye
optical systems based on the contrast of black and white line pairs. As shown in Figure 23, the central MTF is >0.15 at 40
lp/mm, indicating clear imaging performance.
[0155] Referring to Figure 24, the maximum distortion occurs in field of view of 1, with an absolute value of less than 40%.
[0156] The lateral chromatic aberration, also known as the magnification chromatic aberration, refers to the difference
between the focal positions of blue light and red light on the image plane when a polychromatic principal ray on the object
side is transformed into multiple rays on the image side due to the dispersion of the refractive system. As shown in Figure
25, the maximum chromatic aberration of the near-eye optical system is less than 200 µm.
[0157] According to another embodiment of the present application, a head-mounted display device is provided.
[0158] The head-mounted display device includes a housing and the near-eye optical system as described above.
[0159] Wherein, the head-mounted display device may take the form of VR glasses or VR helmets, which is not limited in
the embodiments of the present application.
[0160] The specific implementations of the head-mounted display device of the embodiments of the present application
may refer to the above embodiments of the near-eye optical system, so they at least have all the beneficial effects brought
by the technical solutions of the above embodiments, which will not repeated herein.
[0161] The above embodiments focus on the differences between the various embodiments, and the different
optimization features between the various embodiments, as long as they do not contradict each other, may be combined
to form a better embodiment, which will not be repeated herein taking into account the brevity of the text.
[0162] Although some specific embodiments of the present application have been described in detail through examples,
those skilled in the art should understand that the above examples are for illustration only and are not intended to limit the
scope of the present application. Those skilled in the art should understand that the above embodiments can be modified
without departing from the scope and spirit of the present application. The scope of the present application is defined by the
accompanying claims.

Claims

1. A near-eye optical system, characterized by comprising a lens barrel (9) and a first optical element provided within
the lens barrel (9);

the first optical element comprises at least a first lens (5), a polarization-reflection element (10), a phase retarder
(11), and a light splitting element (12), with a light-shielding element (7) arranged annularly on one surface of the
first lens (5);
the lens barrel (9) comprises a first bearing section (91), a second bearing section (92), and a transition section
(93) connecting the first bearing section (91) and the second bearing section (92); the first optical element is
provided within the first bearing section (91), and the transition section (93) forms a target angle θ1 with respect to
an optical axis of the near-eye optical system, wherein θ1<90°;
the near-eye optical system satisfies: tan(θ1)* (T1‑L1+L5)≤50, wherein T1 is a total optical length of the near-eye
optical system, L1 is a distance from a surface center point O of the first lens (5) on a side provided with the light-
shielding element (7) to point A, the point A is an orthogonal projection onto the optical axis of the near-eye display
system of the connection point between the transition section (93) and the second bearing section (92), and L5 is a
length of the transition section (93).

2. The near-eye optical system according to claim 1, characterized in that the light-shielding element (7) is a light-
shielding ring, and an inner edge of the light-shielding element (7) has a first sharp-angle structure (71);
the first sharp-angle structure (71) has an angle of θ2., and abs(θ2)≥5°.

3. The near-eye optical system according to claim 1 or 2,characterized in that the near-eye optical system comprises a
display (1), which is connected via a bracket (2) to an end of the second bearing section (92) that is away from the
transition section (93);
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the light-shielding element (7) is located in an edge region on a surface of the first lens (5) that is away from the display
(1).

4. The near-eye optical system according to claim 3,characterized in that the bracket (2) comprises a body section (21)
and an extension section (22) connected to the body section (21);

wherein the extension section (22) is connected to the second bearing section (92), the body section (21) forms a
set angle θ3 with the optical axis, and θ3<90°;
the display (1) is provided at an end of the body section (21) that is away from the extension section (22).

5. The near-eye optical system according to claim 4, characterized in that the near-eye optical system further
comprises a second optical element, which is provided within the second support section (92) of the lens barrel
(9) and located on the same optical axis as the first optical element;
the second optical element comprises at least one lens.

6. The near-eye optical system according to claim 5, characterized in that the second optical element comprises at
least a third lens (3);

the extension section (22) of the bracket (2) is arranged annularly in an edge region on a surface of the third lens
(3) close to the display (1);
a second extension section (95) is formed at a connection point between the transition section (93) and the
second bearing section (92), and the second extension section (95) is arranged annularly in an edge region on a
surface of the third lens (3) that is away from the display (1).

7. The near-eye optical system according to claim 6, characterized in that the display (1) is configured to emit natural
light or circularly polarized light;
in a case where the light emitted by the display (1) is natural light, a composite film is provided on a light-emitting
surface of the display (1), and the composite film comprises two phase retardation plates (15) and a polarizer (16)
provided between the two phase retardation plates (15), and is capable of converting natural light into circularly
polarized light.

8. The near-eye optical system according to claim 7,characterized in that the light splittingelement (12) is provided on a
surface of the first lens (5) close to the display (1);
the phase retarder (11) and the polarization-reflection element (10) are stacked on the surface of the first lens (5) that is
away from the display (1).

9. The near-eye optical system according to claim 8, characterized in that the first optical element further comprises a
polarization element (13), the polarization element (13) is stacked with the polarization-reflection element (10) and the
phase retarder (11) to form a laminated element, with the polarization-reflection element (10) being located between
the polarization element (13) and the phase retarder (11).

10. The near-eye optical system according to claim 6, characterized in that the first optical element further comprises a
second lens (4), which is provided on a side of the first lens (5)opposite to the side where the light-shielding element (7)
is provided;
a spacer element (8) is provided between the first lens (5) and the second lens (4), and abuts between an edge region
of the first lens (5) and an edge region of the second lens (4).

11. The near-eye optical system according to claim 10,characterized in thata first extension section (94) is formed at the
position of connection point B between the transition section (93) and the first bearing section (91), and the first
extension section (94) is arranged annularly in an edge region on a surface of the second lens (4) close to the display
(1).

12. The near-eye optical system according to claim 10, characterized in that the near-eye optical system satisfies: (L2
+L4)/L3≥5, where L2 is thickness of the edge region of the first lens (5), L4.is thickness of the edge region of the second
lens (4), and L3 is thickness of the spacer element (8).

13. The near-eye optical system according to claim 10, characterized in that the spacer element (8) has a ring structure,
and an inner edge of the spacer element (8) is provided with a second sharp-angle structure;
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the second sharp-angle structure has an angle of θ4, and abs(θ4)≥5°.

14. The near-eye optical system according to claim 10,characterized in thatwhen the thickness L3 of the spacer element
(8) is ≤0.1 mm, the spacer element (8) is an opaque Mylar sheet.

15. The near-eye optical system according to claim 10, characterized in that the display (1) is configured to emit natural
light or circularly polarized light;
in a case where the light emitted by the display (1) is natural light, a composite film is provided on a surface of the third
lens (3) away from the display (1), and the composite film comprises two phase retardation plates (15) and a polarizer
(16) provided between the two phase retardation plates (15), and is capable of converting natural light into circularly
polarized light.

16. The near-eye optical system according to claim 15,characterized in that the light splitting element (12) is provided on
the surface of the second lens (4) close to the display (1);
the phase retarder (11) and the polarization-reflection element (10) are stacked on the surface of the first lens (5) close
to the display (1).

17. The near-eye optical system according to claim 16,characterized in that the first optical element further comprises a
polarization element (13), the polarization element (13) is stacked with the polarization-reflection element (10) and the
phase retarder (11) to form a laminated element, and the polarization-reflection element (10) is located between the
polarization element (13) and the phase retarder (11).

18. A head-mounted display device, characterized by comprising:

a housing; and
the near-eye optical system according to any one of claims 1 to 17.
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